INTRODUCTION
============

Chronic kidney disease (CKD) is a major noncommunicable disease with the prevalence varying between 10.5% and 13.1% around the world.^[@R1],[@R2]^ CKD leads to higher risks of dialysis, hospitalization, cardiovascular morbidity and mortality.^[@R3]--[@R7]^ End-stage renal disease (ESRD) is the final stage for CKD, and with the improvement in dialysis techniques and the quality of medical care, dialysis patients have longer lifespans which in turn leads to the increasing prevalence of ESRD.^[@R8]^ According to the latest annual report of United States Renal Data System, the prevalence of ESRD increased across countries from 6 to 135% during the period of 2006 to 2012, thus placing a greater burden on the health insurance system of many countries.^[@R9]^

Previous epidemiological studies have reported many risk factors for CKD and classified them into initiating and perpetuating factors. Initiating factors play a role in starting the cycle of nephron loss, such as older age, male sex, or diabetes, and perpetuating factors drive the disease process onward, such as proteinuria, hypertension, or hyperuricemia.^[@R10],[@R11]^ There are also some emerging biomarkers reported to be associated with the progression of CKD, such as urinary connective tissue growth factor, tumor necrosis factor-α receptor 2, and interleukin-6.^[@R12],[@R13]^ With a greater understanding of the risk factors for CKD, it can be more possible to prevent disease onset or the progression into later stages. Because of the high burden for taking care of the dialysis patients, attention in recent years has been increasingly shifted toward early intervention and risk factor modification for patients with CKD. Due to the complexity and heterogeneity of risk factors influencing the natural course of CKD, we therefore conducted this systematic review to identify the risk factors for disease development and progression in each stage of CKD.

METHODS
=======

Data Sources and Searches
-------------------------

We conducted electronic literature searches of MEDLINE, PubMed, Scopus, and the Cochrane Library from the earliest available date of indexing through October 15, 2012. We also hand-searched additional studies in the reference lists of all identified publications, including relevant meta-analyses and systematic reviews. The detailed study protocol and search strategies are provided as a Supplemental Content.

Study Selection
---------------

We followed these predefined inclusion criteria: (1) studies of cohort or case-control design, (2) studies that evaluated the risk factors for development or progression of CKD, and (3) studies that collected repeated information which could evaluate the change in renal function. The stages of CKD were defined by the K/DOQI Clinical Practice Guidelines according to the glomerular filtration rate (GFR) and evidence of kidney damage.^[@R14]^ Participants of GFR ≥ 60 mL/min and without kidney damage were designated as stage 0. The requirement for dialysis therapy or kidney transplantation was designated as ESRD. We included studies of adult participants with stage 0 to 5 CKD at baseline. Eligible studies had to be published as full-length articles in peer-reviewed journals. There was no restriction on language of publication.

Ethics Statement
----------------

The Institutional Review Board of the Far Eastern Memorial Hospital has approved this study and waived the requirement for informed consent, because this study were designed to retrospectively collect available data from articles published in peer-reviewed journals.

Data Extraction and Quality Assessment
--------------------------------------

Two investigators (W-CT and H-YW) independently extracted the following information and entered it into a database: details of the study design, location and published year of study, patient demographic characteristics (age, sex, and ethnicity), numbers of patients enrolled and excluded, the CKD stages at baseline and follow-up, duration of study, study outcomes, identified risk factors and their adjusted effect size, as well as other covariates adjusted in the regression models. When relevant information regarding design or outcomes was unclear, or when doubt existed for duplicate publications, the original authors were contacted to obtain the necessary information. Two investigators (W-CT and H-YW) independently evaluated the methodological quality and risk of bias of eligible studies by using the Newcastle--Ottawa Scale.^[@R15],[@R16]^ Disagreements between the 2 authors were resolved by discussion. If the disagreement persisted, 2 other senior investigators (Y-SP and K-LC) were consulted to attain consensus.

Data Synthesis and Analysis
---------------------------

All data from each eligible study were extracted and entered into a computer database using a spreadsheet software (Microsoft Excel 2010; Microsoft Corp, Redmond, WA). Categorical variables were presented as frequencies or percentages and continuous variables as mean values, unless stated otherwise. Data from all the included studies were synthesized narratively. An exploratory meta-analysis was performed where feasible to pool hazard ratios (HRs) of a specific risk factor for a specific outcome, from studies with the same range of baseline and follow-up stages of CKD. The pooled estimates of HR and 95% confidence interval (CI) of risk factors for development or progression of CKD were calculated using the method of DerSimonian and Laird random-effects model whereas heterogeneity of treatment effects across studies were assessed using *I*^2^, the Cochrane Q-test, and the Galbraith plot method.^[@R16],[@R17]^ Publication bias was examined with the funnel plot method and Egger\'s regression asymmetry test.^[@R18],[@R19]^ Sensitivity analyses were conducted by the same methods after omission of data from specific studies, such as studies with a different population or large sample size that might dominate the pooled effect sizes. Two-sided *P* ≤ 0.05 was considered statistically significant. Statistical analyses were performed with Stata software (version 11.1, StataCorp LP, College Station, TX).

RESULTS
=======

Search Results
--------------

The flow chart in Figure [1](#F1){ref-type="fig"} shows the literature search process. We found 93 articles from MEDLINE, 233 from PubMed, 115 from Scopus, 2 from Cochrane Library, and 7 additional articles from hand searching. After these searches were combined and duplicates were removed, the total number of articles was 308. Of these, 258 were excluded on the basis of their title and abstract. Of the 50 that underwent full-text evaluation, 40 met our inclusion criteria (see Supplementary References).
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Qualitative Summary and Data Synthesis
--------------------------------------

The clinical and methodological characteristics, as well as the main results of each study, are summarized in Tables 1 and 2, and Supplementary Table 1. We retrieved 40 studies that enrolled a total of 318,898 participants from 14 countries. There were 162,261 participants from 29 prospective cohort studies, 156,023 participants from 9 retrospective cohort studies, and 614 participants from 2 case-control studies. Table [1](#T1){ref-type="table"} and Supplementary Table 2, summarize the Newcastle--Ottawa Scales of included studies, and the majority of those studies were of high quality. Only 2 prospective and 2 retrospective cohort studies did not follow up the cohort adequately, and only 1 retrospective cohort study did not show acceptable comparability between groups in the cohort.

###### 

Characteristics of Studies Included in the Systematic Review
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###### 

The Study Endpoints and Identified Risk Factors of Studies Included in the Systematic Review
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The included studies were conducted in countries from Europe, Asia, North America, or South America. The ethnicity of the study population included Black, White, Asian, Hispanic, and Native American. The follow-up duration of the studies ranged from 1.5 to 16 years. The mean age of the study participants ranged from 37 to 76 years, and the female percentage ranged from 0 to 73%. The baseline CKD stages of the included studies ranged from normal to later stages, with 18 studies using ESRD as the outcome, 9 studies identifying incident CKD as the outcome, and 1 study adopting stage 4 to 5 CKD as the study outcome. Eighteen studies used the decline or change in renal function as the outcome, and 2 studies used the increase in proteinuria as the outcome.

Supplementary Table 3, summarizes the adjusted effect sizes and results of statistical test of major risk factors, including male sex, baseline proteinuria, diabetes, age, and blood pressure, from studies included in this systematic review. In 10 studies analyzing the influence of male sex, 4 studies showed that male sex was a significant risk factor for ESRD. There were 21 studies adjusting baseline proteinuria in the multivariate models, of which 20 studies showed significant associations between baseline proteinuria and the progression of CKD. Among 12 studies assessing diabetes, 7 studies reported a significant association between diabetes and the deterioration of renal function. For the 16 studies evaluating the influence of age, 5 studies reported that younger age is associated with ESRD, and 7 studies reported that older age is associated with the decline in renal function. In 15 studies evaluating blood pressure, 12 studies reported that higher blood pressure was a significant risk factor for CKD.

Among the various study outcomes, only 19 studies could be classified into a specific range of CKD stages during follow-up (Supplementary Table 4). Three studies assessed initiating factors for CKD, 6 studies analyzed perpetuating factors from early stage CKD to late stage CKD, and 6 studies evaluated perpetuating factors from late stage CKD to ESRD. Another 4 studies examined risk factors for ESRD among participants with wide range of CKD at baseline. Among the various risk factors, only 3 risk factors from a total of 5 studies were eligible for the exploratory meta-analysis, including male sex, baseline proteinuria \>1 g/day, and diabetes.

Effects of Male Sex on Progression of CKD
-----------------------------------------

The effects for male sex were assessed in 4 studies with patients of CKD stages 3 to 5 or 4 to 5 at baseline, and ESRD as the study outcome (Supplementary Table 4).^[@R20]--[@R23]^ A total of 7724 patients with a male prevalence of 59.4% were assessed in the exploratory meta-analysis. There were 2882 patients who developed ESRD during follow-up. Compared with female patients, male patients showed a significantly higher hazard for the progression from late stage CKD to ESRD (HR 1.37, 95% CI 1.17--1.62; *P* \< 0.001) (Figure [2](#F2){ref-type="fig"}A). There was moderate heterogeneity (*I*^2^ = 56.8%; *P* = 0.07) but no publication bias (*P* = 0.12) among the studies (Supplementary Figures 1A and 2A).
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Effects of Baseline Proteinuria on Progression of CKD
-----------------------------------------------------

The influence of baseline proteinuria \>1 g/day on the outcome of ESRD was evaluated in 3 studies with patients of CKD stages 3 to 5 or 4 to 5 at baseline (Supplementary Table 4).^[@R21],[@R22],[@R24]^ A total of 6017 patients with 1948 ESRD events were evaluated in the meta-analysis. Compared with patients of baseline proteinuria ≤1 g/day, those with baseline proteinuria \>1 g/day showed a significantly increased hazard for the progression from late stage CKD to ESRD (HR 1.64, 95% CI 1.01--2.66; *P* = 0.04) (Figure [2](#F2){ref-type="fig"}B). There was substantial heterogeneity (*I*^2^ = 89.5%; *P* \< 0.001) among the studies, but no publication bias (*P* = 0.08) was found (Supplementary Figures 1B and 2B).

Effects of Diabetes on Progression of CKD
-----------------------------------------

The impacts of diabetes on the outcome of ESRD were analyzed in 4 studies with patients of CKD stages 3 to 5 or 4 to 5 at baseline (Supplementary Table 4).^[@R20]--[@R23]^ A total of 7724 patients with a diabetes prevalence of 32% were assessed in the meta-analysis. There were 2882 patients who developed ESRD during follow-up. Compared to the nondiabetic participants, those with diabetes showed a borderline increased hazard for the progression from late-stage CKD to ESRD (HR 1.16, 95% CI 0.98--1.38; *P* = 0.08) (Figure [2](#F2){ref-type="fig"}C). There was low heterogeneity (*I*^2^ = 28.2%; *P* = 0.24) and no evidence of publication bias (*P* = 0.59) among the studies (Supplementary Figures 1C and 2C). The study by Levin and colleagues had the largest study population and enrolled stage 4 to 5 CKD patients, for whom diabetes was reported as a nonsignificant factor (HR 0.82, 95% CI 0.56--1.20; *P* = 0.30).^[@R21]^ A sensitivity analysis by omitting Levin\'s study^[@R21]^ revealed a significantly harmful effect for diabetes on the progression of CKD (HR 1.24, 95% CI 1.07--1.43; *P* = 0.004), with a lower heterogeneity among the remaining studies (*I*^2^ = 0%; *P* = 0.85).

DISCUSSION
==========

To the best of our knowledge, this study is the first systematic review for the risk factors determining the clinical course of CKD. We have summarized the risk factors for the development and progression of CKD from available observational studies and have provided comprehensive information for clinicians as well as the nephrologists. We have also conducted exploratory meta-analyses for the risk factors of the progression from late stage CKD to ESRD, which show that male sex and substantial proteinuria are significant factors whereas diabetes demonstrates a borderline significance. The strengths of our study are that we followed a standard protocol and used a comprehensive search strategy. We have rigorously performed a narrative data synthesis for 318,898 participants from 40 studies with an observational time of up to 16 years, and also assessed the influence of specific risk factors using the exploratory meta-analytic method.

Results in Relation to Other Studies and Reviews
------------------------------------------------

Animal studies have shown that age-dependent glomerular damage was more prominent in male rodents and castrated males were protected from such injury, which suggests the detrimental effect of androgen.^[@R25]^ Potential mechanisms for this type of damage include genetically determined differences between the sexes in renal structure and function, receptor-mediated effects of sex hormones on glomerular structure, as well as effects on the synthesis and release of cytokines, vasoactive agents, and growth factors.^[@R26]^ Previous meta-analyses have evaluated the effect of sex on the progression of nondiabetic CKD, but with conflicting results. Neugarten performed a meta-analysis of a total of 68 studies and 11,345 patients, showing that male sex was associated with a more rapid progression to ESRD in patients with nondiabetic chronic renal disease, IgA nephropathy, membranous nephropathy, or autosomal dominant polycystic kidney disease.^[@R27]^ In a patient-level meta-analysis, Jafar pooled the data from a total of 1860 nondiabetic CKD patients from 11 randomized clinical trials and demonstrated a higher risk of progression to ESRD for women compared with men (risk ratio 1.68, 95% CI 1.20--2.37), though it should be noted that most of the female participants were postmenopausal and thus lacked the potentially protective effect from estrogen.^[@R28]^

Differing effects regarding sex on the decline in renal function have also been demonstrated in studies among type 1 or type 2 diabetic patients. Some studies have indicated that there were no sex differences in the progression of nephropathy among patients with type 1 or type 2 diabetes.^[@R29]--[@R32]^ On the other hand, Jacobsen et al and Gall et al showed that male sex predicted progression of renal disease in patients with diabetes,^[@R33],[@R34]^ and Holl et al reported a detrimental effect of female sex on the progression of diabetic nephropathy.^[@R35]^ As the enrolled study participants were mainly elderly and one-third had diabetes, our exploratory meta-analysis still evidenced a worse renal outcome among male patients. A meta-regression would be helpful in further exploration of the relationship between male sex and diabetes for the influence on CKD, but the small number of included studies here limits the statistical power for a meta-regression.

Proteinuria has been well established as a marker of kidney damage and widely reported to be an independent perpetuating factor for CKD.^[@R5],[@R36]--[@R39]^ Guidelines for the evaluation and management of CKD have emphasized the importance of assessing albuminuria and proteinuria, in addition to the use of estimated GFR, for disease classification and risk stratification.^[@R14],[@R40]^ In consistent with relevant clinical guidelines, our systematic review again demonstrates the strong association between the progression of CKD and various levels of baseline proteinuria, and our exploratory meta-analyses also reveal that substantial proteinuria (\>1 g/day) is a significant risk factor for ESRD. Similar associations between proteinuria and ESRD have been reported in other meta-analyses. In a collaborative meta-analysis of 13 studies totaling 21,688 patients with CKD, Astor reported that there was a strong graded association between proteinuria and risk of ESRD, and an 8-fold higher proteinuria was significantly associated with ESRD (HR 3.42, 95% CI 1.84--6.37).^[@R41]^ Furthermore, in an individual meta-analysis using data of 9008 patients from 32 studies, Inker reported that a 50% reduction in proteinuria was associated with a lower risk of composite outcome for kidney disease progression or death (HR 0.74, 95% credible interval 0.67--0.82).^[@R42]^

Diabetes can lead to various macrovascular and microvascular diseases, such as cardiovascular diseases, cerebrovascular diseases, nephropathy, and retinopathy.^[@R4],[@R43]^ Those comorbidities contribute to a large percentage of morbidities and mortality in the diabetic population. Given the high mortality from cardiovascular disease and other comorbidities, many patients with diabetes may develop CKD but not survive long enough to develop ESRD.^[@R44]^ This could partially explain why after omitting Levin\'s study which enrolled elderly patients with estimated GFR \< 30 mL/min,^[@R21]^ our sensitivity analysis revealed a significant harmful effect of diabetes for ESRD.

Limitations of this Study
-------------------------

Our study nonetheless has several limitations. First, retrieved studies were heterogeneous among study outcomes, definitions of risk factors, adjusted covariates, and the stages of CKD at baseline or follow-up. Although we have identified a number of risk factors, only 3 risk factors were feasible for exploratory meta-analyses because pooling of the effect size required the same definition of a risk factor for the same outcome among studies with the same range of baseline and follow-up stages of CKD. However, we have performed a comprehensive systematic search on 4 electronic databases with a predefined protocol and tried to provide the best available evidence through a narrative synthesis. Second, substantial heterogeneity has been found in the pooled estimates of the exploratory meta-analysis for baseline proteinuria, and moderate heterogeneity in the meta-analysis for male sex. However, the small study number limited the power for further exploration of the heterogeneity using methods of meta-regression or subgroup analysis. Finally, included studies were observational in nature because this systematic review was designed to recognize risk factors for the clinical course of CKD. Therefore the identified risk factors from individual studies or exploratory meta-analyses were influenced by the bias of observational studies. Nevertheless, we have assessed the risk of bias using the Newcastle--Ottawa Scale, and the majority of the included studies had high quality in study design and analysis.

CONCLUSIONS
===========

Our analyses comprehensively summarize the initiating and perpetuating factors for CKD. Male sex and substantial proteinuria are significant perpetuating factors for the progression from late stage CKD to ESRD, and diabetes might play a minor role for the outcome of ESRD among patients with later stages of CKD.

Supplementary Material
======================

###### Supplemental Digital Content
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